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The development of space flight capability provides new approsches o
some of the fundamcntal problems in biological science. Saliently, spece
penetration not only supplies the facility t< study terrestrial life forms
in redically different e¢nviromments, but also presents the fsscinating
possibility of the encounter of non—terrestrial life forms vhich may be
studied in their native and other enviromments. B8uch penetratinns affurd
revolutionary means for incressing understanding of the nature of the life
process, how it originsted, hov it evolves and functiomos, and vbxt forms
1t may sssume under widely different enviroomental conditicos.

Some of the specific questions vhich msy be examined as a reault of
space flight capadbility include Biogenesis: vhether life originated on the
earth, vhether it originated independently on other planets, or vhether it
may have migrated from planet to planet as suggested in the panspermis hy—
pothesis. Parabiology: Assuaing indigenous 1ifz forms are encountered oo
other planets, their degree of ~rgeniration, their evolutionary history,
their structure and chemistry related to their autecology, the functioning
of their virginal ecological complexes, and finelly their intersctions with

terrestrial life. Geparalized Bcology: The belLavior of terrestrisal organ—

1gus in slien environments, physical limits to their survival, and the oy~
pearsoce of pou?ible nev ecalogical parameters and their effects. Inter—
plasetary Biomigration: Viable nicro-organim. being transparted from
planet to planet by neturel forces snd the intenticoal and/or inadverteat
transport of micro—organisms by artificial means.

Although it may be many years before studies such as these can dbe

.'mrmxgbmn this paper the term micro-organism
terrestrial viable particle, as opposed to the more genar
is used for the corresponding pars—biological emtity.
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successfully pursued, some preliminacy experiments and precautions, as vill
be proposed in this paper, should be undertaken in the immediste future
with existing satellite and spacc flight capablilities in order that the
oppartunities for these future basic studies not be obliterasted.

Among the earlicst idees on irnterplanetary bicaigrstion vere the pro—
posals of BelesOuyor de Montlivault in 1821 that life on earth orginated
fiom seeds falling fraa the moon. In 1855 H. E. Richw(l) hypothssized
that life hog existed in the universe as long as matter has 2xisted and
that space is filled with basic life particles. When one of these parti-
cles, such as a spore, falls on a planet vith favorsble envirommestal coor-
ditions, the planet would in time be covered with a large msber of suita—
bly adapted higher life forms, thus cowbining the thearies of evolution
and panspermia. Others vho speculated concerning the panspermia hypothhsis
were Lord Kelvin (Williem Thowpsos) in 1871, Ferdinand Cobn 1872, and H. v.
Belxheltr 1n 1884.(2) put the most extensim contributar to the hypoth
esis was 8. i\rrhmiua(” wvho aade quantitative estimstes of times required
faor spores to traverse interplanetary snd interstellar space propelled by
redistion pressure and discuised survival protebilities of organisms \nder
space conditions. In recemt years little that can be considered nev bhas
been coutriduted to interplanstary bimmigration eacept the experiments of
mp—n(“ stteapting to determine the biophoretic properties of meteorites.
The best ~wrrent evaluation of the pansperaia hypothosis is prodvebly that
of Operin. (%)

Hith the advent of modern ccocepts on the synthesis of macromolecules
and the origin of life, the pansparmia hypothesis wvas condemned to obscurity

by experimentelly acceptable theories of biogencsis. Nonetheless, there
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bas never been sufficient data to prove or disprove this hypothesis; so the
advent of spasce flight invites scientific re—examination of panspermia coo—
cepts. However, the space flight cspebility, vhich allows ths re—examine—
tion of the panspermian hypothesis by making fessible experimsnts for test—
ing the sirvivel of micro-organisms in spece snd for sampling the actual
mmbers (if any) of visble organisms in various parts of space, modifies the
probabilities in panspermia. Por vhile automigration of micro—organisms
(1.6., trunspart of microorganisme or bicns from the swface of one planet
to another abetted salely by natursl forces) may be highly improbeble, inter—
planetary biomigration vhich is in part aided by space flight operations
may occur amich more readily than would be desired or planned., This intro—
duces to the problem of the detmimtfw of the probadbility of automigrs—
tion, the deterzination of the probvadbility of ancillary migraticn and the
provebility of the insdvertent trrgport of organiems by
artificial means, vhich ve might term contamination.

In addition to the investigation of the 11&«‘.11000 of auvto-and—

ww s egeid Jo ST n
encillary migration of .iable -icro-vrmimhcmar‘mt% G the sdAval

o 1
potentials of micro—vrgauisms under various space cond.itiom}v-/]‘ establish

the extent to vhich space steriliration of interplanetery instrument probes
Y

and other space vehicles may be relied upon to prevent the infeeting of

other celestial bodies, (or the infecting of the earth with alien life by

Lo /e
retwrning probes), and, \“ihether further sterilization procedures would be

required., EKxperimente-onposing-iicre-organtens—tc_spase—swniibicns—vould

instruments designed to meesure specific paremeters have less utility in
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the detection of unknowns then organisms which possess more ubiquitous
seasors. The modifications induced in micro-organisms exposed to actual
space conditions (vis—e—vis space—similated conditions) as learned from
the above experiments may also have bearing on our knovledge of biogenesis
and evolution.

The essence of the contamination problem is that the probebility of
the infe~tion of other planetary bodies by a biophoretic planet will de
altered if the natural forces vaich csn move a bion from one planet to
another ere aided at some stage (or stages) by artificial means. Thus the
planetary contamingtion question is not merely how to disinfect a space )
crttt.’ It is & questiocn basically involving the larger concept - in vhat
wvay does any syace operstion undertakesn by man alter the nature of space
as & barrier or highway for interplanetary bic grstion governed salely
by naturel forces; and hov may ina. ertent alterations of natural transport
processes be controlled end mirimized.

The implications of this broader context &re illustrated by tr: fact
that in having launched even satellites, the probabilities of natural inter—
planectary Liomigration may already have been radically altered. Hibbu(6)
Ag reparted thet the skin temperatures of the Explorer I (1958 a) in space
ranged from —5°C to 70°C, well within viability preserving liwits, and
srprisingly that parts of the skin of the Explarer 414 not rise above
k7°c during the aerodynamic heating phase. It is quite ccoceivable that at
the present time there are on the outer surface of the Bplorer same viable
organisms. The probability of these being freed of the satellite and doing
propelled by radistion pressure, the Poynting—Robertson effect, or soms
other natural force, to another celestisal body may be quite remcte, But
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nonetheless, it ir by no means the same provedbility as the probability Zor
an arganisn to be taken by natural farces frox the surface of the earth to
Explorer's orbit and then carried by radiation forces to other bodies.

But of mick more significance, space programs within the not too
distance future vill plan flights of instrumented prcbes %0 explore the
atmospheres and suwrfaces of other planetary bodies, such as Venus ani Mars.
These probes are potential contaminators of these planets even though land—
ings may not be mede. And it innotlomhfrmmxtlmm“trmr
accidental crashing of unsterile probes that danger o© contamination arises.

iie may exanine the contamination problem by dividing it into the fol—
loving phases:

1. The probability of an organism frum the sarth's suwrface reaching
the exosphere by convection, impect transfer, etc.;

2. Tre probability of an organism in the exosphere acquiring a hy—
parbolic artit by rsdiation pressure, impact, or some other accelerating
mechanigm;

3. The probabiiity of a hyperbalic orbit leading to positions in
space favoarable to the arganisms being swept up by encther planet;

., The probability of capture and descent to the surface of another
plonet; and

5. Most basic, the probedility of survival of the organism at each
stage.

The probability of suceessful interplaneiary biomigretion will be the
product of the probabilities of these separste natural events; or, s men's
space operstions extend, the provability of each natural event must be re-

placed by the new probability introduced by the corresponding artificial -
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event in space flight:

a) The provedbility of an earth micro—organism reaching another planet
when phases %0. 1 and Ro. 2 above are supplanted by artificial satellite
treusport through the exosphere vith the micro—organism being subsequently
freed from the satellite by natural forces.

b) The prodability of infecting another planet by s vehicular probe
pessing Doar the planet hyperbolically.

c) The probability of infecting another planet by & satellite probe
¢ircling that planat.

d) The probability of infecting & planet with an atmospheric probe.

¢) The paobebility of infecting a planet vith various types of vehic—
ular landings (including san inadvertent crash).

In order to make same progress in estimating the magnitude of space
as a barrier to natural biomigration and acquire an idea of vhat the com—
ponent probebilities may be, seversl experiments, both labaretory and
satellite—borne, suggest themselves.

We may think of three categories for such experiments:

1. Experiments designed to ascertain the survival of micro—organisms
vnder various ﬂhocpheric and spece conditions.

2. Experiments to determine the agtroplEaigal properties of miero-
organises .

3, Actusl samples taken at various levels of tho atmosphere and

exosphere to datermine the presence (12 any) of micro~organisms. And later,

’nr astrophysical properties are msant absarption coefficients, masces,
sizes, ete. In general, those properties which would give information on
how the organisms would resst to rsdiation presgure, fields, and other forces
affecting their transport send physical state in space.



ssaples of the atmospheres and soils of other celestial bodies, as suggest—
ed by Yem and Lederberg.(7’ 8)

The survivael studies could be conducted both in the laborstory and in
space. The laboratory experiments would entail subjecting becteris, vi—
ruses, spores, seeds to space simulated conditions to determine the sw— "
vival limits of organisms to vide ranges of intensity of varicus rsdistious
such as X-rays, y rays, UV, and high enargy particles, the survival limits
in tempersture, absence of atmospheres, moisture, etc.

The space survival tests should include the investigation of the sur—
vival charecteristics of various micro—orgenisas such as bacteria, viruses,
plant spores and seeds unier actual conditions in free space. Camparisons
should be made at a large range cf distances from the sarth's swface to
determine whethir certain features of the space emviromment vary in their
sterilization propsities due to the effects of 'local' terrestrial ancer
alies such as the sarth’s mgnetic field. Van Allen's nevly discovered
sbell of particle radiation mey bs an exsple of such a loeal effect.’’)
Comparstive tests should rlso be made inside and outside the earth's shad—
ow. In addition the survival characteristics of micro—organisms floating
free in space should be compered with those of life forms both placed on
the outside skins of satellites and placed inside of satellites. Outside
forms swrvival chances may vary considerably. They may be shielded by
structural parts imbedded in paints of verious albedoes or in other
surface coetings, e.g., in heat-resistant orous ceramic materials. All
conditions vhere poteutially surviving micro—organisms may subsequently be
either detached and make their wvay into some planetary stmosphere or swur—

vive a probe's penmetration of an alien atmosphere should be scrutinized.
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The likelihood of an organism surviving free in space is probebly less than
the likelihood of survival partially sheltered by the space craft coating.
Hence 1f no organiem survives the latter partially sheltered envirommsent, “
it could be concluded that none would survive free in space. 80, only, in
the event of survival of microorganisms hitchhiking on outer skins would
it seem impartant to attack the experimentally more difficult problem of
survival in free gpace.

The exposure of the laboratory selected micro—organisms to spece coo-
ditions on the outside of ths satellite might be accomplished by rewoving
portions of the satellite shell and exposing to outer space previously

inogulated ssaples of space craft coretings (porosities and albedoes) con—
tained in the satellite. The satellite shell covers could be replaced
after suitable exposure time, and the exposed ssmples then compared with
wexposed samples retsined within the satellite and vith earth retained
saxples for analysis of their respective survival properties. Instrumenta—
tion to compare the satallite samples and telemeter the data to earth could
perhaps be designed, but it is best to think of this type of experiment as
one to be carried out with a recoversble satellite. (This, hovever, has
mdmmeth?ﬂcwenimagem”cmrormehoubeforere—
coversbhle satellites.) Buch experiments would also contribute to more
acewrste knowledge of the space enviromment in that they might serve to
detect unimovn radtations an' other effects. Later, more sophisticated
experiments would study not enly survival potentials but alteration of
organisms by radiation effects in space. It 1s conceivable, for example,
that the high UV intensity in space may be effective in rearganizing some

macromolecules into a structual crrangement homologous to life forms.
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The second type of experiment dealing with the astrophysical proper—
ties of micro—arganisms could be conducted in the labaratory. Pirst, masses,
sizes, shapes of selected gspeciecs of bacteria, spores, seeds, etc., could
be meagwred. Other important physical stuldies which teer on interplanetary
bicmigration could be investigated, e.g., the determination of the magni-—-
tude of electric charges vhich arganisms may acquire and ratain, and their
behaviar in electric fields; the absarption end emissiou properties with
respect to various types of rsdiations, radistion pressure effects, bheating
by rediation, etc., and in general all factors vhich may play a role in the
interaction of organisms with physical forces such as light pressure, force
fields, convection, etc., and vhich could be responsible for automigration
and determination of the organism's coodition in space, 8Such data would be
of great use to the space scientirt in thearetically determining the probe—
bilities of transport of such organicms by light pressure, Poynting-
Robertason effect, and other m»chanisms across space to other celestial
bodies.

Pinally, samples of the content of the upper atmowphere, and the exo—
sphere for micro—orgsnism density will give useful data in determining the
probabilities of escape of the relatively heavy micro—organisms from a
planeto The sampling experiments would gttempt to obtain data on the mm—-
bers and types of organisms at a range of heights in the atmosphere and to
various 4distances in the exosphere. This data would be of value in check-
ing the efficacy of natwral physical forces in sbetting escape of organisus
from the earth. If organigms are found ir muesurable numbers in space, a
mothod of determining wvhat percemtage, if any, sre on hyperbolic orbits
(geocentrically speaking) should be derived.
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It is apparent that two aspects of thesge experiments are involved:

l. There is the purely physical aspect of the problem in the com
slderation of the probebilities of inorganic particler with the masses,
sizes, etc., of microorganisms being “ransported as descridbed above, and

2. There is the bio—aspect of the problem concerning survival of
misro—arganisems unler the various atmospheric and space conditions encour
tered and for the time dursations involved.

With the survival, astrophysical, and sampling data, panspermia hy—
potheses could e re—examined and the sctusl dangers of contamination of
other celestizl bodies by vericus types of space flight operations deter—
mined, and vhatever steriliration measures required beyond those affected
by space conditions themselves could be derived and implemented. Guided
by knowledge of the extent of contamination probabilities, plans for the
methodical scientific exploration of other planets can be laid. For
example, an interplanstary probe not landing on Mars but merely grazing
the upper atmosphere, or an artificial satellitc of Mers or Venus might
then be launched, knowing vhat risk of contsminating the planet itself
exists, a.nd the opportunities of obtaining important datsa toweard answering
fundamental questions in biogenssis and arganic svolution need not be
destroyed,

In view of the scientific gains by contamination avoidance, as des-
cribed by Dr. Lederberg, (8) both in the question of neo-biotic” synthesis
of large molecules and in testing the validity of the panspermia hypothesis;

and in viev of the fact as we vere told by Dr. Domvm(lo) that lunar probes

"Heo-blotic 1s defined as leading to the formation of blologicaliy
cetive states.
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have been autuorired and will be luunched in a matter of months, the con—
tamination question assumes rether a high priority.

In a research program suci as sketched here, the early collaboration
of biologists with otber scientiats and engineers working on space flight
problezs would be highly desirable.
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